Spiro[fluorene-9,9'-xanthene]-3',6'-diol derivatives were prepared via the condensation reaction of fluorenones with resorcinol using p-toluenesulfonic acid as catalyst. A series of substituted spiro[fluorene-9,9'-xanthene]-3',6'-diol derivatives with halogen, alkyl, phenyl, and ester were prepared by this one-pot method in good yield.
Introduction
Polyfluorene (PF) derivatives have attracted much attention as promising materials in organic electronic devices such as light-emitting diodes (LEDs), [1] [2] [3] [4] [5] photovoltaic cells, [6] [7] [8] [9] and field-effect transistors (FETs) [10] [11] [12] [13] for their high quantum yields, excellent solubility, and film-formation ability. However, it is difficult for PF to obtain pure and stable blue light emission due to the presence of undesirable green emission upon exposure to heat or during device operation. Two explanations have been given for the green emission: one was the keto defect, [14] [15] [16] [17] and the other was the formation of interchain excimers. [18] [19] [20] The introduction of spiro structures is thought as one of the most promising solutions to the problem. [21] [22] [23] In recent years, spiro compounds as organic molecular materials have become promising candidates for optoelectronic devices. [24] [25] [26] [27] [28] [29] [30] In addition, spiro compounds with fluorene structures also serve as monomers in the preparation of thermally stable polyesters. [31] [32] [33] [34] As an important class of spirofluorene derivatives, spiro[fluorene-9,9'-xanthene] (SFX) has also received much attention in recent years ( Figure  1 ). [35] [36] [37] [38] [39] [40] [41] In the early literatures, SFXs were arduously synthesized by means of multistep routes with poor yield. 42, 43 Spiro[fluorene-9,9'-xanthene]-3',6'-diol derivatives can be obtained via the condensation reaction of 9-fluorenones with resorcinol using ZnCl 2 /HCl 37, 44 or gaseous HCl 
Results and Discussion
The reaction of 9-fluorenone (1a) and resorcinol was investigated in presence of acid catalysts (Table 1) . To our delight, the reaction was possible and provided the desired product spiro[fluorene-9,9'-xanthene]-3',6'-diol (3a) in promising yield, when sulfuric acid were employed (Table 1, Entry 1). For initial optimization of the reaction conditions, we tested several protic acids and Lewis acids, and found the p-toluenesulfonic acid (p-TsOH) gave the best results ( Table 1 , entry 8). Stronger acids such as sulfuric acid, methanesulfonic acid, trifluoromethanesulfonic acid, and polyphosphoric acid (PPA) also served as catalysts, but the yields were relatively low ( Table 1 , entries 1-4). When sulfuric acid, trifluoromethanesulfonic acid, and PPA were used, the reaction mixtures became dark-brown and many byproducts were generated. Trifluoroacetic acid, aluminum chloride and zinc chloride were not efficient catalysts for the reaction under this conditions (Table 1 , entries 5-7). The yield was detected by HPLC with 2-naphthol as internal standard.
c A large amount of substrates was unchanged.
As p-TsOH proved to be the most effective acid, further experiments were focused on the screening of solvents. When n-decane and carbon tetrachloride were performed as solvents, dark red gum was generated for poor solubility of resorcinol in these solvents (Table 1 , entries 9 and 10). The conversions were much low when the reactions were carried out in acetic acid, acetonitrile and THF (Table 1, entries [11] [12] [13] . In all kinds of the tested solvents, toluene and benzene gave the best results (Table 1, entries 8, 17) . Herein, we do not prefer to choose benzene in view of toxicity. In that condition, the crude product deposited from the reaction solution in the course of the reaction. The yield of the crude product, which contained a chief byproduct (15% percent, HPLC λ = 275 nm), was about 95% with a purity of 80% (HPLC λ = 275 nm). Fortunately, the byproduct (4) does not dissolve in EtOH or i-PrOH while our desired product 3a possesses good solubility, so it is easy to separate 3a from the crude product. The byproduct 4 was identified by MS and 1 H NMR, and its structure was shown in Figure 2 . Its formation was attributed to the competing reaction of 3a with resorcinol and fluorenone, so it was suggested that it may be reduced by modifying the relative amount of the starting materials. The experiments confirmed our supposition. The yield of 3a was lower when theoretic stoichiometry of resorcinol (2 equivalents, Table 1 , entry 18) was used, and the percentage of 4 rose to 20%. In contrast, the yield of 3a was increased as additional resorcinol was used ( Table 1, entries 19-21) . The product 3a was obtained in 85.5% yield with the percentage of 4 decreased to 7%, when 4 equivalents of resorcinol were employed (Table 1 , entry 20). Since a large amount of resorcinol remained, it gave gum instead of solid after the reaction. Nevertheless, a powder was obtained after superfluous resorcinol was washed off with water, and 3a was isolated in 80% yield after chromatography.
Figure 2. Structure of the byproduct (4).
To further survey the scope of this process to prepare 3,6-dihydroxyspiro[fluorene-9,9'-xanthene] derivatives, a series of substituted 9-fluorenones with halogen, alkyl, phenyl, and ester were examined (Table 2) . Each substance reacted at a comparable rate, and gave the corresponding product in moderate to good yield. Ester group was tolerant well in the reaction (Table 2 , entry 10). The electron-poor 9-fluorenones ( Table 2 , entries 1-4, 10) gave better results than the electron-rich ones ( Table 2 , entries 5-9). 
Conclusions
We have developed an easy, efficient, metallic salts and chlorides free procedure for the synthesis of 3,6-dihydroxyspiro[fluorene-9,9'-xanthene] derivatives in one-pot. The condensation reaction of 9-fluorenones with resorcinol using p-TsOH as catalyst gave the corresponding 3,6-dihydroxyspiro[fluorene-9,9'-xanthene] derivatives in good yield. The functional groups such as halogen, alkyl, phenyl, and ester were tolerant well in the reaction. The electron-poor 9-fluorenones gave better results than the electron-rich ones.
Experimental Section
General. Melting points were measured on a X-4 micro melting point apparatus (Beijing Tech Instrument Co. Ltd, China). C NMR spectra were recorded at 400 and 100 MHz respectively on a Varian VA400MHz spectrometer (Varian, USA) with DMSO-d 6 as solvent. Chemical shift (δ) were reported in parts per million (ppm) relative to the residual solvent signal. Mass spectra were recorded on a HP1100 high Performance Liquid Chromatography/Mass Selective Detector (HP, USA). Elemental analyses for C and H were obtained using a Vario EL III (Elementar, German) elemental analysis instrumentation. Column chromatography was performed on silica gel (100 -200 mesh) using petroleum ether/EtOAc (3:1) as an eluent. Reagents were purchased from commercial sources and used directly.
General procedure for the synthesis of 3. To a three-necked flask were added 9-fluorenone (3.0 mmol), resorcinol (12.0 mmol), p-TsOH (0.3 mmol) and toluene (20 mL). The mixture was refluxed for 6 h or 10 h, and then cooled to room temperature. After water (10 mL) was added, the mixture was stirred for 0.5 h. The crude product 3 precipitated from the reaction mixture, and was isolated as a yellow solid by filtration. The crude product was dissolved into alcohol (10 mL) and filtrated to remove insoluble impurity (4). The organic solution was concentrated, purified by chromatography on silica gel using petroleum ether/EtOAc (3:1) as an eluant, and dried in vacuum at 100 °C for 5 h to afford product 3 as a white solid.
Spiro[fluorene-9,9'-xanthene]-3',6'-diol (3a). 
